Scrophulariaceae, were both left in uncertain positions within Lamiales.
Several subsequent molecular phylogenetic studies focusing either on other taxa of Lamiales or more inclusive groups (e.g., Soltis & al., 1998; Olmstead & al., 2000 Olmstead & al., , 2001 Albach & al., 2001; Bremer & al., 2002) have confirmed the general pattern revealed by Olmstead & Reeves (1995) .
The parasitic plants that have variously been placed in Scrophulariaceae or Orobanchaceae Vent. have been shown to constitute an additional monophyletic group Wolfe & dePamphilis, 1998; Young & al., 1999) . Olmstead & al. (2001) merged the rbcL/ndhF dataset and the data from the plastid rps2 gene that had been useful for the recognition of Orobanchaceae. They also added some other taxa, and were thereby able to identify an additional distinct scrophulariaceous clade, Calceolariaceae. In addition, Halleria L. was shown to group with Stilbaceae Kunth, and Mimulus L. did not belong to any of these five clades of ex-Scrophulariaceae taxa. Beardsley & Olmstead (2002) identified Mimulus as a member of another clade, Phrymaceae. Globularia L. has been demonstrated to belong to the Veronicaceae clade sensu Oxelman & al. (1999) , Olmstead & al. (2001) , Kornhall & al. (2001) , and Bremer & al. (2002) . Olmstead & al. (2001) recognized five distinct phylogenetic lineages composed mainly of taxa previously assigned to Scrophulariaceae. Nevertheless, several of their included genera (e.g., Schlegelia, Paulownia, Mimulus) did not group with any of these five lineages. This fact, together with the restricted sampling (39 of ca. 280 genera in Scrophulariaceae in a traditional sense, (see Watson & Dallwitz, 1992 onwards) , calls for more extensive sampling of genera previously assigned to Scrophulariaceae.
Scrophulariaceae sensu APG II (2003) constitutes approximately what Olmstead & Reeves (1995) identified as the "scroph I" clade, that is, Buddlejaceae K. Wilh. (see Oxelman & al., 1999 for phylogenetic circumscription), Manuleeae Benth. (incl. Selagineae, see Kornhall & al., 2001) , the two large genera Scrophularia and Verbascum, plus the tribe Hemimerideae Benth. and Myoporaceae R. Br., including Androya Perrier (Oxelman & al., 1999; Bremer & al., 2002) . The assignment of Hemimerideae to this clade has received only weak support in previous studies. Several taxa that have been suggested to have affinities with Myoporaceae (e.g., Capraria L., Anticharis Endl. and Peliostomum E. Mey.) have not been studied by molecular methods. The inclusiveness of Manuleeae is not entirely clear, and perhaps most importantly, a more extensive sampling of taxa that have been attributed to Scrophulariaceae is needed before a revised classification of Scrophulariaceae in accordance with phylogenetic relationships can be presented. Fischer (2004) has presented a tentative classification of all genera belonging to Scrophulariaceae sensu lato (i.e., approximately in the sense of Hallier, 1903) into tribes and informal higher groups ("families").
The aims of this study are to identify the inclusiveness of the "scroph I" clade, sensu Olmstead & Reeves (1995) , using plastid DNA sequence data and to infer relationships of representatives of major groups of taxa previously assigned to Scrophulariaceae, for which plastid DNA sequences have not been obtained before.
MATERIAL AND METHODS
Sampling. -Most previous molecular studies have used sequences of rbcL and ndhF, but many other plastid loci have been introduced as well, including rps2 , trnL/F intron/spacer region (Freeman & Scogin, 1999; McDade & Moody, 1999) , rps16 (Wallander & Albert, 2000; Bremer & al., 2002) , matK (Bremer & al., 2002) , trnT/F spacer region, and the trnV spacer (Bremer & al., 2002) . We use the ndhF, trnL/F, and rps16 DNA sequence regions, partly because a substantial number of bulk Lamiales taxa have already been sequenced for these, and partly because previous studies have indicated that these regions are particularly informative in Lamiales. Initially, we included all Lamiales taxa with sequence information from either of the trnL/F, rps16, or ndhF regions deposited in EMBL/ Genbank as per May 2002. However, because of uneven representation, we used an exemplar approach for groups whose monophyly is not in question. In addition, we tried to obtain material for DNA extraction from representatives of genera that have been suggested to be related to Scrophulariaceae sensu APG II. We also included representatives from other parts of Scrophulariaceae sensu Hallier and from Stilbaceae. We tried to find additional representatives of every taxon, and sequence at least one of the three regions to verify the taxonomic identity of the sequences. Information on sampled taxa, and EMBL/Genbank accession numbers can be found in the Appendix.
Sequencing. -Most of the sequencing was performed either at the Evolutionary Biology Centre, Uppsala University, Sweden, or at the Department of Botany, University of Washington, Seattle, U.S.A. Total DNA was usually extracted from dried plant material using some variant of a standard CTAB/Chloroform extraction protocol, often followed by DNA purification using the Qiaquick PCR purification kit (Qiagen). Polymerase chain reactions (PCR) of the targeting regions were performed using combinations of primers published in Taberlet & al. (1991) , Oxelman & al. (1997 Oxelman & al. ( , 1999 , Kornhall & al. (2001) , and Popp & Oxelman (2001) . For trnL/F two new primers were constructed: trnLBOC: GGCGRAATYGGTAGACGCTACG, and trnLBOF-R: CCAGATTTGAACTGGTGACACGAG. PCR products were purified using the Qiaquick PCR purification kit (Qiagen). In some instances, when the products were present as faint bands only, we used nested primers in a second round of PCR in order to obtain enough products for sequencing. Automated sequencing was performed either on an ABI377 (Applied Biosystems), or on a MegaBACE 1000 capillary machine (Amersham Pharmacia Biotech) using manufacturer's protocols.
Assembly and alignment. -Sequences were assembled using Sequencher v. 3.1.1 (GeneCodes Corporation). The resulting sequences were aligned using the guidelines in Oxelman & al. (1997) , and the "simple gap coding" described by Simmons and Ochotorrena (2000) .
Phylogenetics. -Separate phylogenetic analyses were performed for each region initially. Taxa for which only one region has been sequenced are not presented in any of the results, unless the relationships found have not previously been reported in the literature. We made three combined analyses: one where all taxa were included, regardless of completeness (A1), one where at least two of the three regions were available for each terminal taxon (A2), and one with taxa where all three regions were available (A3). For all analyses, we used maximum parsimony as the optimality criterion, and the program PAUP* ver. 4.0b10 (Swofford, 1999) to find the most parsimonious trees using the TBR search algorithm and 50 random sequence addition replicates, saving a maximum of ten trees in each. For each analysis, the strict consensus tree was calculated from these trees. Bootstrapping was performed with 500 replicates, TBR search, and three random additions per replicate. No more than 10 trees were saved per random addition replicate.
A Bayesian phylogenetic analysis was performed on dataset A2 using MrBayes v. 3.0b4 (Huelsenbeck & Ronquist, 2001 ) on computers running Linux. The appropriateness of different models was evaluated using the program Modeltest v. 3.06 (Posada and Crandall, 1998) . We ran the program for 1,000,000 generations, four parallel chains, and with every 100 th tree saved.
In order to detect possible incongruence resulting from analyses of the three regions, a partitioned Bremer support analysis (PBS) was conducted using TreeRot v. 2 (Sorensen, 1999) . The trees are rooted with sequences from Oleaceae Hoffsgg. & Link, which has been shown to be sister to the rest of Lamiales in previous chloroplast DNA phylogenies (Savolainen & al., 2000; Bremer & al., 2001 Bremer & al., , 2002 Olmstead & al., 2001) .
RESULTS
The number of sequences, previously unreported sequences generated by us, aligned positions, parsimony informative positions and indels, consistency index (CI), and retention index (RI), for each region and the combined analyses are summarized in Table 1 . The strict consensus tree from 129 most parsimonious trees found in the A2 parsimony analysis (at least two sequenced regions available) is shown with bootstrap percentages above branches in Figs. 1-6 . Details of the summary tree in Fig. 1 are shown in Figs. 2-6, and referred to in the discussion of each group. The strict consensus tree from the A3 analysis is shown in Fig. 7 with bootstrap and PBS values. Table 2 shows the bootstrap support for comparable nodes in the three analyses. In most cases there is higher bootstrap support in the A2 and A3 analyses than in the A1 analysis, and the differences are often considerable. The A2 and A3 analyses had similar support levels for comparable groups.
The Bayesian analysis was performed under a general time reversible model with a proportion of invariant sites and a gamma distribution, as selected by Modeltest. The first 100,000 generations were discarded as burn-in. The frequencies of different nodes are indicated below branches on the A2 trees in Fig. 1-6 . Generally, the parsimony and the Bayesian analyses are highly congruent, usually with considerably higher frequencies in the Bayesian analysis. Cases where the parsimony and Bayesian analyses differ include the position of Oxelman & al. • Disintegration of Scrophulariaceae 54 (2) • May 2005: 411-425 Calceolaria, which in the parsimony analysis is sister group to the core of Lamiales (excluding Tetrachondraceae and Oleaceae, Fig. 1 ). The bootstrap support for this is less than 50%. In the Bayesian analysis, Calceolaria ends up as sister group to Gesneriaceae with a posterior probability of 1. Colpias and Alonsoa form a monophyletic group with .56 posterior probability, whereas they form a poorly (51% bootstrap frequency) supported grade in the parsimony analysis (Fig. 3) . The positions of Rehmannia and Paulownia are both poorly resolved within the ABLLMOPPV clade by the parsimony bootstrap analysis, but form consecutive sister groups to Orobanchaceae with 100 % posterior probabilities in the Bayesian analysis.
DISCUSSION
The general structure of the tree in Figure 1 is in accordance with previously published chloroplast DNA phylogenies of Lamiales (e.g., Oxelman & al., 1999; Olmstead & al., 2001; Bremer & al., 2002) . With Oleaceae designated as the outgroup, Tetrachondraceae appears as sister to the rest. In agreement with Olmstead & al. (2001) and Bremer & al. (2002) , there is emerging support that the bulk of "core" Lamiales does not include Calceolariaceae, Gesneriaceae Rich. & Juss., Sanango Bunting & Duke, and Peltanthera Benth. The relationships among these are, however, contradictory. The PBS analysis ( Fig. 7) gave conflicting numbers for two nodes (Calceolaria L. as sister group to the rest of Lamiales including Gesneriaceae, and monophyly of Sanango/ Streptocarpus Lindley), and in both cases the rps16 data are in conflict with trnL/F and ndhF. We have rechecked the identities of these sequences as well as the alignment, and we can find no obvious explanation to this pattern. There is support both from ndhF (bootstrap) and trnL/F (bootstrap) for a sister-group relationship between Sanango and Gesneriaceae. The support for Peltanthera as sister taxon to Sanango and Gesneriaceae is weak from our data, only trnL/F contributes with positive support in the three-gene dataset (Fig. 7) . However, both of these relationships are supported by rbcL (Oxelman & al., 1999) . Bremer & al. (2002) report strong support for these relationships, and Jensen (2000) report biochemical evidence that may indicate a relationship between Peltanthera and Gesneriaceae.
In the following discussion, we will present and discuss more detailed results from particular groups of the "core" Lamiales. We use the family classifications of Olmstead & al. (2001) and APG II and the tribal rank to classify the genera studied taxonomically. We also discuss some still unsequenced scrophulariaceous taxa and their putative relationships.
Plantaginaceae (Veronicaceae sensu Olmstead & al. 2001 ). This group (Fig. 2) was originally recognized by Olmstead & Reeves (1995) as "Scroph II" and was corroborated with more taxa in Olmstead & al. (2001) . The group is supported in the cpDNA tree (parsimony bootstrap: A2 -79%; A3 -91%), and there is also support for a sister-group relationship to the rest of the core Lamiales. Within Plantaginaceae, there are several wellsupported subgroups. Cheloneae Benth., comprised solely of New World taxa, have been identified by several previous molecular studies, including restriction sites (Wolfe & al., , 2002 , the trnL intron (Freeman & Scogin, 1999) , ndhF, rbcL, and rps2 (Olmstead & al., 2001) , and matK and nrDNA ITS sequences (Wolfe & al., 2002) . In our A2 tree, as well as in Wolfe & al., (2002) , and some of the trees obtained by Olmstead & al. (2001) , Russelieae (Russelia Jacq. and Tetranema Benth.) forms the sister group to Cheloneae, although in none of the trees the relationship receives strong support.
Our study and Olmstead & al. (2001) also concur that Cheloneae and Russelieae form a monophyletic group with Antirrhineae Dumort., Digitalis, Globularia, Poskea Vatke, Campylanthus Roth., Hippuris, Callitriche, Plantago, Hemiphragma Wallich., and Veronica. This clade consists of several well-delimited groups, of which several often have been recognized at the family level (Globulariaceae DC., Hippuridaceae Vest., Callitrichaceae Bercht. & J. Presl. and Plantaginaceae sensu stricto). Ghebrehiwet & al. (2000) examined Antirrhineae cpDNA relationships in detail, and the sister-group relationship to the rest of the above-mentioned genera is well established.
Globularia and Poskea form a strongly supported group, which is corroborated by morphological data (Barringer, 1993) . Campylanthus is resolved as sister to these, a result which needs corroboration from other data. The proximity of Campylanthus to Digitalideae Dumort. has been suggested (see Hjertsson, 2003) and has also been substantiated in a phytochemical study by Rønsted & Jensen (2002) and a brief molecular study by Oxelman & al 
Hjertsson (1997).
Digitalis appears paraphyletic in relation to Isoplexis Loudon according to ndhF data (results not shown). According to ITS data (Albach, 2001) , Erinus L. is also part of Digitalideae.
Digitalideae and Globularieae form strongly supported monophyletic groups irrespective of whether divergent Callitrichaceae and Plantaginaceae s.s. are included. Hemiphragma appears to belong to the Plantagineae/Veroniceae clade rather than to Digitalideae (Olmstead & al., 2001) . The least understood group in the former Scrophulariaceae is probably Gratioleae. The circumscription of Gratioleae by Bentham has been discussed by Wettstein (1895) and Thieret (1967) among others. Olmstead & al. (2001) reported monophyly of Amphianthus Torrey, Bacopa Aublet, and Gratiola L., and a weakly supported relationship with Angelonia Bonpl. We present data that assign Scoparia L., Stemodia L., and Mecardonia Ruís & Pavón to Gratioleae. Many genera remain to be tested for their relationships with this group, with many members occurring in Neotropical areas. This is even more evident for Angelonieae. The close relationship between Angelonia and Basistemon Turcz. previously suggested by Barringer (1993) is corroborated, and these in turn form a strongly supported group together with the South American genera Monttea and Melosperma, consecutively followed by a less strongly supported relationship with the Neotropical Ourisia Comm. Plantaginaceae deserve more study, in particular with respect to Gratioleae/Angelonieae. Recently, Plantaginaceae have been studied in more detail by Albach & al. (2005) . (Fig. 3 ). -The concept of Scrophulariaceae has changed considerably with the greater understanding gained via molecular phylogenetics. APG II (2003) delimit the family to a clade consisting of Scrophularieae Dumort., Manuleeae Benth., Buddlejeae Bartl. (Buddlejaceae sensu Oxelman & al. 1999 ), Myoporeae Rchb., Leucophylleae Miers, Aptosimeae Benth. & Hook. f., and Hemimerideae Benth. In this study, we confirm the monophyly of this assemblage (89% bootstrap support in our A2 analysis; 99% in our A3 analysis; Fig. 7 ). We add one to several taxa to each of the tribes relative to previous molecular studies. In addition, tribe Teedieae Benth. is identified as a member of this clade. In the following text, each of the tribes is discussed in more detail.
Scrophulariaceae sensu APG II
Scrophularieae. -The close relationship between Scrophularia and Verbascum has been suggested by previous molecular studies, as well as similarities in seed and embryo characteristics (Thieret, 1967) , and leaf anatomy (Lersten & Curtis, 1997) . The close relation between Oreosolen Hook. f. and Scrophularia (Fig. 3) is here reported for the first time, but is not surprising from a morphological point of view. Both the Himalayan Oreosolen and the closely related Nathaliella B. Fedtsch. from Central Asia agrees well with Scrophularia in floral morphology and general leaf architecture. The relationship also makes sense biogeographically, since Scrophularia, Oreosolen, and Verbascum all have mainly Northern Hemisphere distributions, as opposed to most other Scrophulariaceae. The strong support for a sister-group relationship between the South African Antherothamnus N. E. Br. and Scrophularia/Oreosolen/ Verbascum is not evident morphologically.The position of Antherothamnus is robust to method of analysis, i.e., neighbor-joining, maximum likelihood, and Bayesian inference with various evolutionary models (results not shown), and is supported by all three chloroplast genes (Fig. 7) . Similar to Scrophularia, Antherothamnus has a fully developed staminode, a character that is not found in Manuleeae. Antherothamnus now appears to be a link between southern African ancestors and Eurasian Scrophularieae. [ N.B. The Scrophularia macrantha trnL sequence on EMBL/Genbank is probably a misidentification, because it groups with Collinsieae with strong support.]
Limoselleae. -Manuleeae encompass Selagineae Wettstein (Selaginaceae Choisy) since the latter are nested within Manuleeae (Kornhall & al., 2001 ). However, the unexpected finding that Limosella L. also is nested within this group (Fig. 3 , Kornhall & Bremer, 2004) suggests that the correct name for this tribe is Limoselleae Dumort., for priority reasons (Kornhall & Bremer, 2004) . Limosella includes small plants that, as the vernacular English name, mudworts, indicates, grow in wet areas. Their choice of habitat and the small seeds might have facilitated a global distribution of the taxon by migrating birds (Darwin, 1872) . The inclusion of Selagineae in Limoselleae on molecular evidence is also strongly corroborated by morphological characters. The "Selagineae" gynoecium, with one ovule per locule has apparently emanated several times within Limoselleae. Maintaining a separate Selagineae and Cronquist's (1981) view that Selagineae belonged in the Globulariaceae results from accepting the uni-ovulate ovary as a cardinal character. In spite of several authors pointing to the close connection between the two tribes based on Oxelman & al. • Disintegration of Scrophulariaceae 54 (2) other characters (Junell, 1961; Argue, 1993; Hilliard, 1994) , the two tribes were not united before Kornhall & al. (2001) . Long branches characterize the basal parts of Limoselleae, and the relations between Jamesbrittenia, Limosella and Lyperia are not totally clear. Kornhall & Bremer (2004) elaborate in more detail on the interpretation of morphological features of Limosella in relation to the chloroplast phylogeny found here.
Buddlejeae. -The results presented here corroborate the circumscription of Buddlejeae by Oxelman & al. (1999) . Wallick & al. (2000) have, with more extensive sampling of Buddleja and trnL intron sequences, further strengthened the suggestion that Buddleja might be paraphyletic.
Teedieae. -There is strong support for a monophyletic group, Teedieae, consisting of the genera Oftia Adans., Teedia Rudolphi, Dermatobotrys Bolus, and Freylinia Colla. This group in turn forms a strongly supported monophyletic group consisting also of the likewise woody Buddlejeae, Phygelius Mey., and Camptoloma Benth. Wallick & al. (2000) reported a sister-group relationship between Buddlejeae and Teedieae, but they included only Teedia and Oftia in their study, so their results are in agreement with ours. Phygelius and, in particular, Camptoloma are poorly resolved with respect to Teedieae and Buddlejeae. Barringer (1993) segregated the African woody taxa Teedieae, Freylinieae, and Bowkerieae from Cheloneae where Bentham originally placed them. Freylinieae sensu Barringer included also Phygelius, Antherothamnus, and Manuleopsis Thell., a relationship that is not supported by the present study. Barringer did not consider the epiphytic Dermatobotrys in this context. Morphologically, Buddlejeae, Teedieae, and Phygelius all have anthers with separate thecae, whereas the anther thecae of Camptoloma are confluent (as in Manuleeae and Scrophularieae). It is difficult to determine the polarity of this character. Possibly, the leafy inflorescences typical for Oftia, Teedia, Dermatobotrys, and Freylinia could be interpreted as a synapomorphy for this group, as the bracts in Buddlejeae and Camptoloma are small, and in Phygelius gradually turning leaf-like. We conclude that Teedia, Oftia, Dermatobotrys, and Freylinia are best accommodated in Teedieae, whereas at the present it cannot be determined which relationship Phygelius and Camptoloma have to Teedieae and Buddlejeae. Teedieae, Buddlejeae, Camptoloma, Phygelius, Manuleeae, and Scrophularieae form a very strongly supported monophyletic group based on chloroplast DNA sequences.
Myoporeae. -With small variations, Myoporaceae have generally been circumscribed as a mostly Southern Hemispheric taxon including Myoporum Sol., Eremophila R. Br., and Bontia L. Oftia, here considered to belong to Teedieae (see above), has sometimes been considered to belong here (e.g., Wettstein, 1895), but Dahlgren & Rao (1971) rejected this based on morphological evidence. The monophyly of Myoporum, Eremophila, and Bontia is here strongly supported, a result consistent with the palynological data presented by Niezgoda & Tomb (1975) and anatomical data presented by Carlquist & Hoekman (1986) .
Leucophylleae have been suggested to be related to Myoporeae (palynological data: Niezgoda & Tomb, 1975; anatomical data: Carlquist & Hoekman, 1986; molecular data: Oxelman & al., 1999; Olmstead & al., 2001 ). The close relationship between Leucophyllum Bonpl. and Capraria L., both with Latin American distribution, reported by Niezgoda & Tomb (1975) based on palynological evidence, and by Lersten & Curtis (2001) based on anatomical evidence is here corroborated. [N.B. The Leucophyllum minus trnL sequence deposited on EMBL/Genbank (AF034878) does not form a monophyletic group with our Leucophyllum frutescens sequence. Instead the trnL sequence labeled Pedicularis procera (AF034877) groups with L. frutescens. The identities of the L. minus and P. procera sequences need confirmation.] Karrfalt & Tomb (1983) and Lersten & Beaman (1998) claimed homology between the oil cavities found in several Leucophyllum species and those found in the three Myoporeae genera, a hypothesis that is consistent with the results presented here. However, Lersten & Beaman (1998) There is a strongly supported sister-group relation between Myoporeae and Leucophylleae and between that group and the Madagascar genus Androya (100% in both the A2 and the A3 analyses).
Aptosimeae. -The circumscription of Aptosimeae, characterized by alternate leaves and a dilated corolla tube, is one of the very few that seems to have been stable over the history of Scrophulariaceae classification. Bentham included Aptosimum, Peliostomum (sometimes included in Aptosimum), and Anticharis, and has been followed by Wettstein among others. Monophyly of Aptosimeae is strongly supported by our chloroplast DNA sequences, and a sister group relation with Androya, Leucophylleae, and Myoporeae is moderately supported. All have 3-colpate, diporate pollen (Erdtman 1952; Niezgoda & Tomb, 1975; Punt, 1980) . Thus, these features may be synapomorphies for this group ("Myoporaceae").
Hemimerideae. -The chiefly South African tribe Hemimerideae (including Alonsoa) is supported by our data (70% bootstrap) and conforms well to the circumscription reviewed in , except that the chloroplast DNA sequence data support an inclusion of Colpias E. Mey. Steiner & Whitehead (1996) argued that Colpias rather should belong Bowkerieae, based on a basic chromosome number of x = 20, a tubular corolla, and a staminode corresponding to a fifth fertile stamen, characters that are shared with Bowkerieae. The amphiAtlantic Alonsoa groups weakly with Diclis and Hemimeris. All have a basic chromosome number of x = 7 . The South American species of Alonsoa form a monophyletic group based on ndhF sequences (results not shown). Their shared ancestry is further supported by having 2n = 56 instead of 2n = 28 in the South African taxa. Thus, the interpretation of the absence of oil secretion in South American species of Alonsoa as a synapomorphy is reinforced. Whether the origin of Alonsoa predates the breakup of Gondwanaland needs to be further investigated. Nemesia Vent. is here shown to be closely related with Diascia. showed that these taxa share the basic chromosome number x = 9, but emphasized differences in the folding of lateral corolla lobes in bud and cited unpublished chloroplast rps2 gene sequences as evidence for Nemesia belonging outside Hemimerideae. Our data Oxelman & al. • Disintegration of Scrophulariaceae 54 (2) • May 2005: 411-425 reject this, and instead favor the similarities in the androecium pointed out by Hilliard & Burtt (1984) as being homologous for Nemesia and Diascia. Stilbaceae. -The circumscription of this family continues to expand (Fig. 4) . Bremer & al. (1994) presented molecular data that supported the close relationship between Retzia Thunb. and Stilbe Berg. proposed by Goldblatt & Keating (1976) on morphological grounds. Oxelman & al. (1999) showed that Nuxia Comm., previously classified in Buddlejaceae, also belong here. These findings are supported by phytochemical data (Damtoft & al., 1984; Frederiksen & al., 1999) . Olmstead & al. (2001) added Halleria, and in this study we show that the chloroplast DNA phylogeny supports putting the tribe Bowkerieae (Bowkeria, Anastrabe, and Ixianthes; Barringer, 1993) and Charadrophila Marloth here. Charadrophila capensis is a rare plant found in shade on permanent wet cliffs in the Cape Province. Its position has been disputed ever since Marloth's original description (Marloth, 1898) . He placed it in Scrophulariaceae, but Engler, in a note to the original description placed it in Gesneriaceae, which it resembles superficially. Weber (1989) followed Marloth and placed it in Scrophulariaceae arguing for a close relationship with Alonsoa. Its position in Stilbaceae was unexpected, and detailed studies are needed in order to establish homology hypotheses in this expanded circumscription of Stilbaceae.
Barleria
Lindernieae. -A novel strongly supported clade of taxa earlier assigned to Scrophulariaceae was found that includes Stemodiopsis Engl., Torenia L., Micranthemum Desf., and probably Picria Lour. (= Conobea) and has unclear relationships to the rest of Lamiales (Fig. 4) . This clade probably represents the tribe Lindernieae, diagnosed by geniculate anterior filaments, usually with a basal swelling. If this character proves to be synapomorphous, then for example also Lindernia All., Craterostigma Hochst., Crepidorhopolon E. Fischer, Hartliella E. Fischer, and Artanema D. Don. may belong here. Neither Stemodiopsis, Picria, or Micranthemum possess the characteristic basal swelling of the base of the filament, but like Stemodiopsis, they have geniculate or curved anterior filaments/staminodes. Lindernieae have mostly been classified in Gratioleae (Fischer, 1997) , but have a pretty distinct morphology (e.g., alveolate endosperm of a certain type ; Fischer, 1992) .
Orobanchaceae, Phrymaceae and relatives. -There is moderate support for a clade including Phrymaceae, Paulownia, Rehmannia Libosch., Mazus Lour., Lancea Hook. f. & Thomson, and chiefly parasitic Orobanchaceae, to which Brandisia Hook. f. & Thomson, previously not known to be parasitic, is shown to belong (Fig. 6) . The inclusion of Lancea and Mazus in Phrymaceae, as advocated by Beardsley & Olmstead (2002) , is not supported here.
